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^m± tm. (^6«) 



(54) i3i^<D^mi ^m»mw 



(57) 

SfiSte J: CX:*- > ^lEOJf ;'^=&fS < C t < . -fimaimiE 

■e-b-C. lias©H'*cDMW«ci:D. N- M^-xBl 

112 14. 2lsJ@©H'*©MM«Cj:0. ±faPS3Ui' 
ir)118<i:»360u mlii'© t C 5«:tb®e«jai.=>»*S^ 
JSia^rWr -Slg 2 ©®7 7 AM 2 2 ^r^n-e^JK 
EET'S. C^LT. i@^tC^^IN^<tSllg{l 1 a©« 





(2) 

1 

c<D^ 1 (D^i^<D-^micmiK^icBsx^ tifcm 2 

1(152114 ©«ii±«:J^fi£3 tl/tm 2 i . 

4 0 M m iii± i s hfc Mie^ 1 <omm<D . ffi±M*^ e> 2 

[if ] ItriBH 1 ©M^cDieaia (w. ) t-to 
iftS (N, ) *5j:0':/U-i'5^'J'>«JE <V) 

Wb > -1/ ^ — +4 X 1 0 (cm) 

SffidSDao^w i^rj^fiss tiT s c i?:!^® i r 5iS 
[ 8 ] Btriam 1 ©^la i miiem 4 ©?ii^ t (om 

tcti. S6tc. ||l^SM©*«i*B*i63iim5©Sl 
[000 1] 
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^mM<Dmm»mmK:m-ri>h(0'c, ^ic. igbt 

(Insulated Gate Bipolar Transistor ) ^fclvdia^^ 
[0002] 

[S£*CDg5B] fie*cl:0. I GBT5i, MOS-FET 

</ci^«. 2^raBS5 7- 1 20369^4i*B#«g) o 
[00 0 3] S6{i. N^^^^)\^m^m(tClGBT(Om 

0 liJC, ffi:p*8:B37SScDlSffi!SN- SS-c-;^Bl 0 2 

(iDSA (Doubl GDI f fusion Self Aliqn ) ffiCC J: 0 P 
1 0 3:65, */c. C©PS'<-:^B1 0 36D 

[ 0 0 0 4 ] ±iaN^ M^-^^m 1 0 2 fcj;?:/ 

±gBPsa'<-:^H 1 0 3<j)*ffi{c», sc»*gays i o 5 

^/C, ±iaN* c^^Bl 0 4*5<tC;fJiifiP 

S'^-xji 1 0 3<Dam«. ■en-ensrSf&rsi:^ 

[0 00 5] $e>(c, ±iS:t!yi^y=i>y- hSSl 0 

suimf^^nr^y-YmmioBifi. itc. psn 
3^11 1 0 1 tcSi^snr^Briui^^sffii 09 

[00061 ±tBN ^ 1^ I GB T<0— j5a6«J 

oi*p^ mM^tLX. ^cd±k:, N" M^-xgi 

0 2^^tB^S3i±TP^ ~N- ^;x-^^*3B^•rSo 
[0007] -S-Ofg, N- SS^-;^JB 102 <Z>^®tC3» 

-hmai os^rjefiS-r-So ;xtc. .Kus^yrj^y-h 

ISSI 0 6?:S|5^5^Bqcc§g?LO. Ctl^-^;^^ i PS 

^-y<m 1 0 3 ^rj^^-r^o s /c. ps^-;^fi 1 0 3 
±0$fessii 1 0 5 ?:gB^e*j^c5g7Lu, y y 3 >y- 

bmei 0 etlfeS^l 0 5i*^:^i7iUT. N* s 

[ooosi-^LT. #yt^y 06fe 

iO^PS-^--:^® 1 0 3±fic, SS. Jfe^iai 0 55:0 

•^xgi 0 3(Z)^{agi5^^)s^«S3Hfr. h 

[0 00 9] C<DS. P* U^^^ 1 0 1 CDT^C^ 
S^U^tJ'^Sl OQ^Bf&LX. m6tfC9rsLfc I GB 




C3) 

3 

S<t L. :f*6«tJ(tcJ:t3 PM:3 Ui' 5'S 1 0 1 irmH 
XUiP' -N- '?*--'\:$:flH,»r^. |b]»k:. igb 

[ 0 0 1 0 ] 'XtC, ±ieO/cy ^^i-^^VS I GBT©S1) 

0 QuuEmE-ifiBm^titcim-c. fs® i o 
[00 1 n -r**>^&. ^y-hfifiii osfciESE lo 

A5EP»n5*i-5.<i:. MOS-FETilUS. PS'<-;^@ 

1 0 2 «cx u- h D >/&iSg;A3 nSo 
[0 0 12] ctitcMLX. pm.-='i'i'^M 1 0 l*>6 
N- M'<-:5^S 1 0 2F«1tC^iS*^#^^ft:-r«fc^>«C 
;i?-;l/CD?iA*^®C "3 . PM3U4'5'B1 0 1 iN- W. 

1 0 2 <t©PN3f^A«''^'■^'r;^t^^.1li*^). 
cnccj;*). N- M^-^/il 0 2*ie^S^lfil=fe|ac 
0. ^^'S:a|iitfctg^i^<. 20 

[0 0 13] \G^T<0:*iy^m^, JeLh®<t^«:. HE 
mK-cSii>li- M'^-^^ig 1 0 2*se«SSiaccj:9. 

-p^ll 0 2<Di^*i®<. ;¥l»lSiBlI^-7-«c*5 

[0014]— I GBT©^f->*7B. ^jsy- 
^y- h 1 0 8 K::ft^iEj!>sEPttis i . se?^ f 

N* Mx5 n^dfHl 0 43&>?>©3:U4i' h 30 
N- §9-^-:^JSl 0 2rt 

[0 0 1 51 N- ^'<-;^Sl 0 2rt{csat?c5h-;i' 
©p'^SP^W. PM'^-^^ 1 0 3 ^m-=X±J^x. 5 $ 
mSl 0 7'-^iEfcBt-.2.*i. -SUB. N- S^-;^®1 0 
2 (^{c??^E-r J- u h a > i IliS^UrmiSr 2>. 

[0 0 16] N- S-^-^Mll 0 2rt(CS»|L,ft:jJ^-;l< 
'^r r^Jg u /c^,■^,r^^^»PI±1^!IS^ jS: 9 . 3f - > 

:t7*s^7-r-i>. $-C, IGBTlt. iliWEEJfeiF-©4>-C- 

F E T^^ i'©a-4<-5?g^K:tfc^-CSC>. 
[00 17] -ecr. 1 GBT©i»->:*-7B#paOlS2 
•ft©fc*. fcij5.{*ia7CCin-rJ:^CC, Au-^> 

IS. ^+S3ii'©stf4sgMf*{c<ko. N- m^-7.mi 
0 2 rt±iaK:s^^«t"'C»i * 4 xffi 1 1 0 ? -e- s 

[00 1 81 L3&>lx^C*l6. C©:&a-CW, 50 
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^mf^m^inhifi. I5lffij{c. N-S!-<-;^@l 0 2rt 
«). N- a'S-;^fil 0 2f«3^J^-C©GSia^©g^ 

t^feeroTbsi-^ I GBT©^©fiMT$>5(a* 

[0019] ±BB©S^Sifct4fe b < »feS4i^ 

tfS 8 {CTH-r .t 5 tc. H e ' H' * «c i'© :i->a^M 
WTi.CihCC.fc 9. N- M'^-;^!!! 0 2F«J©$il$:^(Sl 

[002 0] He'*-?>H"/j:t-©-r*>atJ, MltB#© 
ttfiISSBES:^jt5*». *?tW> J»aSEE-3£-C. Al» 

1 0 2rt©ffiE©^$«:|fife^ttJ-C;^ii^ciXISl 1 
[002 1] C©-^*>iSMa*{cJ;i5-^7*-f A3> 

hp-juffi©ji^. N- S'^-xigi 0 2rt©gii$:&rsi 

•C. N- S-^-Xgl 0 24'©*-Jl'iJ?&*«Sa«C3> 

ha-jt-r-s (o£»3. {£^s^ia©ig^u?:giS{i:-r 

> h P-/l'<£©JS& J: >«!n©ie:^%JS< C t 

[0 02 2] L3{pL<c*s?>. ±iat/fc-Y4->IIRS84«:J: 
S ^ 7 ^» A a > h a - JU^Kfcl, »T *> . flc^i L 
r. :X©«fc^^JPnm^.*i**. 1 GBT©PI±i*i3E«, 

1 GBTrt«:^^br(,»-5PNP-Tr©-^-X|g&Kf 

1 1 l*SEEfiOrtF^FNP-T r©^-;^JB (N" ffl 
'^-XHl 02) i&i^mstiriK. 
[0023] cot*. PNP-Trjar-yja^si^ 

HsW, *s^<%iC<b«Cj:»3. ^5fePNP-Tr©x5 

rs. 

[0024] 
CIB(2] 

[00251 fc/cL. L, {iih-Jl'©il£ti[fi. W. Bfl 
:^m&VS>i>. tC?>V. PNP-Tr©-^-XggfiS(K 

&l?5fc<C^ffVce. *3j;y'^©iinm8S:iteo 
©1^3. a4©i?.<flRHS*s*S. 
[0026] 



(4) 
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[1^3] 



1/n 



Wb > 



= 0 CV«-V)_,^^,o- CP,) 



[0027] 
[1^4] 

ICBO •* ^0 • I CBO 

[0028] c cr. ±iE^-^-;«ii®w. ogiPitc i 

iSnsaicto ©IfA, IGBT<5Vcts©fi 10 

[0029] 3t{cj$'<fcJ: ^JC. mf-m<DmMti: i'K: J: 
-»-CN- S't-Xgl 0 2rt±^€r<g-7'f7^-f AfbO 
/c«^. ^^-fb^sji*. ll^-^-;^*iw. *yh$</j:-3 

{g(,»fc». S^tP N P - T r 5 V 

[0 03 0] cntc^L-v -f:t>MgSt«:J;»)N- M'^ 

-x^B 1 0 2 rt {C«a{bL/c{£7 7 f A® (i»jPi 1 20 

1 0) iimfS-bfcm-^-cit. mmbhfc&^-<yit^A 
^p N p - T r ©X 5 7 dimmmmmtSo tfii^mr 

cn*s, Vct» ©ffiTfcJ:^^ let. I t^e 

rSi?«f5. 1 GBTOril'd'^fSSfe Ic «. T^ffc 
5«:J:07i^2ti5. 
[003 1] 

[»5] 30 

z 

ic « flo Co (Vg-Vt)Vc 

[0 03 2] fc/cl/. Z«?-i'*;i'^Hfi. LtJf^-f* 

[0033] CO^^ •y^lyifVlfff^iCisi.iXb. ±SE 

fd&z>-<v j^mifi^mi 1 iF*i«:ax»33isn«) 

i. S4PNP-Tr©i5 »^S^SS£*J»/8. ©19 40 

A^3»s%o/c (ai 0#M) . 
[0 034] Ci\h<Df^mVi^\^X\%. fctUt. N- 
M'^-^Jl 1 0 2©/13teJ:JXSa?:. TS:©SSc6 ?:!® 

[0035] 

[»6] 50 



Vbi 0. 7V 



[0 03 6] fc/cU. W, {JSI^tl-^-;^*!. , £o 

PM-^-;^B 1 0 3 tN- M-^-;^® 1 0 2 t©PNM 
^©l^asSEE. V»=ibi'^'«E < <Bfa©BfBEfii) ji» 

/^vr;^©^#^^*fi©ffi*B^4) . n, «-<->^jfiS. 

[0 03 7] Sfc. ±IE»6©SC©|gl3a(J. fcSEnJjD 
miEtcisl^-SSSJll 1 l©ig?r^-r*>©-C*»)v S2 
iR»> -^^>i6K|g*t«:J:-,-CJ^^S$n2.i»:RI 1 1 0©^ 

[003 8] S^U^^ttJ/x©, He". H'*^c<if©-r* 
>S4M*fUfcis^©XK^T^ifa». ;rci^«si itc 

inf<fe^tC. SR (Spreding Resistance ) ;ffi«:j;5>i 

4 0 n mga[-e*») . -<:t:xa© >--xfi-?>asiiie[© 

[0 03 9] ior. ±ie©JSc6©K^£jSJES-eS<fc5 
(c. isai--i-;:^ifiw. %BiTa©WIE«:!&5J:^«:i93eo 
-C-fn«. -<:t>IS©MS^«:J;-3-Cff5fiSSri/c. ^^E^t 
L/cfi5 -^-yit^ Agtt:/ u- 4' i^'J' >0-C fc#^{t 

[0 04 0] -r^ctj^. jljail'^-XifiW, *4 0ymfel 
±K:g:S-rti«. ^^PNP-T r©x5 
*|J»(8. ©^33 (itlin) JfePiiCi^lT*. WE©3fe 

[0041] ±fe 6 OSS©^fi=«:}iJE-r 

SJ:5tcL/cJt^«:fc. ts.M. ^X©J;5^cpgjS'&wor 
-Tiii*)^. I GBT©5t->:i-7{i. pasu/cJ: 

B J T^Ci'©fa©''W3j<-75R^iIl]«CC. if- 
>3f7B#K:P^'<-;^® 1 0 3 iN- S'<->^I110 2 

-SSSaitCiO. N- 0 2rt©ii>»++ U 

[0 04 2] C©rc». maa«EJ>«5R^WEEWT CiiS 
». *it«©*t^^}-ge-e<£ffl$*T^ci*ii^co ©« 

^. 2tC^S^-rJ:^tC. i^{bt 

[0043] C (JmWA. M-W^-i^ >l|KSt©BS© K 




(5) 

7 

/cfllfiS(P* -N* -N- "Jx-^^) <0I GBTfe^ffl 

{b$nri.»-535^. c<Di GBTK:*5t>rfc. ±ieiGB 

[0044] 

<i!?iiSE©S;e«:±»3lEl®^'5J:5«:L.A:^^. SiSSS lO 

[0045] -^CT. c<DHmt. mK(o^ii-pmtim 

[0046] 

m 2 <!: . C ©m 2 <DM«©— ^ ffiSCSJRWtCj^fiJi 
S n/c3ll ^mS<D¥^«fJl;*^ f> JJc -5 1^ 3 t . mT 

H*ie>^j:.?.M4©^JlSi. mi.^2Omm±<0{>i3:< i. 

n/csij'iaim® t . itisE^ 3 ©$ife:S±©ii'^!S < 1 4>- 

i. miiS^4©fIJ«±K:jeEESn/cm2©llS<b. Buia 30 

[0047] C©|%l«©^3H*^atcj:n«, l^^^b 

fIi^©aCi^l|S^*H6^fCfg^ 7 5» A<t-C# 2> J: ^ 

[0 048] 

■5, I GET (Insulated Gate Bipolar Transistor ) 
©m«fiS*^Tfc©r**. CC-CB. N^^f 

*^US2*fi^«:. 1 2 0 OV^© I GBT{coi,>rSi?e-r 

[ 0 0 4 9 ] i ^tf . iS.T^mm&(D^mViN- 

-^B (mi<oim) ii©*Mtc», pm^-^m 
(mzomm 1 2*J3itPvW«:j^)5Ssn-ct.>5. c©p 

M'<-;^J1 1 2©*®Jcti. N* MiSi'i'Ji {^3© 
^iS) 1 3*JiS!RKJM:JKfiX3*lTU5. 50 
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[005 0] ■?-L.-C. ±f2N- SS-^-xm 1. 
t>'. £:©N- M'^-:^)!! 1 K:^g-r4±iSPM'<-;^ 
Bi2©amK:». jgc^iffisysi 4«:^o-c. jpyi/y 
hms (^^l^aJ^s) i 5!!)ist:f6nT(,>2). 

[ 0 0 5 1 ] Sfc, ±ieN- Mx= y ^f/l 1 3 . teJ; 

;^H2©*stc«. ■?-n-en?:^-r.s<i:5tcL,r. 

[005 21 Se>(C. ±BBjJ<';f ya^y- hSffil 5 

«. PS:3Ui'^)l (ll4©Mi|J) 1 8di}&fi£$nrt» 

[0053}^u-c. ±ieN- S'^-;^®! irt{c», 

±5aPS=iUi'4'»l 8i©Saj:9 2 0xx 

mS i'© i C 5 K:i«;Rg f - i7 ^ Wr •Sm 1 ©ffi7 7 
'T/.S (R^^*'i:>t§^=^ffi) 2 It. iiePSnui' 
5?® 1 8 £©SaJ: D 6 0 ^/m«^©iC5«:X|lit^- 
i'«:W•r5IP^2©{g5-^7^»-^ Aa22«b*s. *ti«n 

[0054] ±ieigl. SE2©®^-f74J-YA)B2 1. 
22©JgfiEW. fctitti. ^3Ud7$Sffil 9111* 

Ov J?S©MJa:SA 1 PI^*T:?'v--'-?<!:U't:. H'^© 

[0 05 5] iXtC. iiai/^tN^ + ^Jl^l GBT©SI 

';>&<i:©:T;jfi!8!l«:F-t>i'"l/. :^iKS!jSg:3!>Sfi< 
t:. tmWfil OQ ' cmiStlfc, 28 0MmlP©» 

s (N- M'<-x@ 1 1 ) ^mMi-r^. 

[0 0 5 6 ] -eu-r. -€-©SS©MM{CBSGS?rCV 
D (Chemical Vapor Deposition ) ffitc J: 0 J&(S Ofc 
CiliJtlScSSi L/T. PMaUi'Sfei 8*8 0 

[0057] B S GM«:^*t-fc®. N" M-^-^S 1 

1 ©^s^rK'ffcl/rtegas 14*1000 h o 

-Aifie©^rJBEStL. ■e©±(C. m50 00t>{f 

[0058] C©«. !j<yi"; 3>«:S|5»WtcBg?LUr 
sH'J->i;=i>y-h^Sl 5?r}g5£T.Z><!:ife«:. C© 
*:';'>i;a>y- 1 5*-7;^f7{c#a>*8/im 

sg©ji3 TSttJtUT PM-^- ;^Jii 2 *?gesr i. 
[00 5 9] 'Xi»"c. Ji<yi'y 3>y-bssi 5taio 

F-XJi5x 1 0"cm-'^g©^**:{C 

-c. As©-Y3^>aEA*^fl\ J^.«asL/T. ps['<-x 

si 2rt«:N- Sfxs 1 3?:fl5ESf -5. 

[0 06 0] «S«:CVDatCj;«9^^1 4* 
1 5 0 0 0 h D- Aflg©Jl$-CJBfi!tU/dlt. 

c;©«»)8 1 4 ?&jsiRMtci^* L . ±fa# y f y 3 >y 
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[ 0 0 6 1 ] ^ L/T. ^C0g^?LF^^a2*iZitf <t ^ 

[0062] —yy. N- M-^-xji 1 1 (omwcm^fSL^ 

n^, ±iaPM=' U- ^ 1 8 C7>aSCC«V S/clSA u 
[0 06 3] 9±CC. 7 5/1 

4. 5MeV. K-Xai X 1 0*°-l X 1 0^' cm-' 

o^mc-c. i[niaoH^*<DMi4«riT-:>t:, N- a-^- 

8 J;92 0 umiiiS:<OtC^fiCXm\:^-^:^^JBf^ 
-e<3[)fcf-i^aStC*fU'C± 2 0/im©^^flirifii*i 20 

^« 

[0 0 6 4] ^C^r. 3 5 izmgKOJlScDA mass: 

JjDiimE4. 5Me V. F-XSl x i 0' 1 x l 0 
"m-'O^frCCC, 2[HiacDH'^OMI^^?T-9r. N" 
S-^-XBl miC|g2CDffi"7-Y7^>f AJi2 2^Jf5^ 
CtDiS. ^20[){S"7-r7^>fAJ12 2«. PS 

fi^J^fSLStl. -^(Dfc'-^ffigCC^f L''C± 2 0 iumCO^^ 
tS«:<bao 30 
[006 5 ] £(±<DJ:^K:UT. 12 1 (C^L^^c^^O. 

2 1. 2 2©?^^Cci4>^j:^. N- M-^--::^;!! l^-C 
[0066] CCDJ:0 ^j:«^iC J: ti\t. maSSE^&^tb© 
^¥^^imm\ 1 a«llHl@*5<fcC>'2lElBOH'*<DBSJ* 

?c«&. 1 1 art-c©ia»jfi>ia+ 1- T3^fi> 40 

[0 06 7]T&t)%. COI GBTOii-^. 
XifiW, 9 0 *im^c>S:SJ:^{c, N* gg-<-;^H 

1 1 <Dm$ifi±^&S<D^o:>^^i:MS,t^ 2 8 0 Mm 

OOVCDit, 2^/11 1 h<om:U^mtS^l 1 0 Mmi 
±k:(g^ 7 A{t3 ti^o 50 




iftPS^ 1 0 -50 7 24 
\ 10 
[0 06 8] 2\^m<DH'^(DmSim^timSJ:K) 
fcl2^-d^ffic^ oSO. 2lDia(D-^:^>mMS*{cJ:^ 
(g^>f:7a?-fAJi2 2«. lIilBCD-Y*>|gMW«:<fc5 
ffi^ :7 ^ A/i 2 1 cDSSS-^JUfi J: «3 fcSlc^fcfe. 3^ 

[0069]L3&5fc, l[Hl@<DH'*<D«§«Cc<fcorgfe 

{burff5^S>i/cls^^r7^-<Aji2 ucio. SFiP 

masmjE;^±0. 2[El@C)H'*cOB§J4cc<t9^^fb 
0-CJF$;SStifcfi7-f:7^^-^A)i2 2*5^SBl 1 brt 

[0 07 0] aSJS. ±i2 0/c«i^<DI GBT i^^^m 

I GBTS:Se^m^<bbT7nbrC^5o 

[007 1 ] c<omi)^hi>^Rhtf>ui:^i,c. ^^mm^ 

cc<fc<^tf, mil?.^ff*^«^iiJE«T <6 0 0V) <D«^ 
e^cS ^ n T c ^ ^ c i ^ T^y^ ^ o 

[0 07 2] ±iBL/c<fc^{C. N- S-<-;?^llctJ(D|f^ 
a\y^^mJi^ 2 0 umftiacDcbC^ie 0 umfvfifiCQ 

[007 31 Lt(^i>. 6 0 umft^^(DtCiCcmmtU 
[0074] 2 0 MmftifiOiC^tC^SElbL 

r ti/c® 7 -< 7 ^ A® /)5^jirtccg?») iis n 

[0075] «C*J, ±iBt/c:4s:^BSCD^<7)— J^SftCCfc 
fi^-f7 3f-^AjacD?f5fiS(CH'*4ap.S*T'5*^ 

liHe^^-t^aPi^' (Deuteron) J^JT^^BSJ^-T '5>C iiC J: 



# 



n 

CO 07 6] tfc. 2@CD-r:t>^.WtCcfc^r. 
[0 07 7 ] */c. m4(fC^sir^^iC. ILflflJfJt^i^^L 

<8igc[> I G B T tmrnmcmmf^mn-ct So lo 

[007 8] Li)^i>. lMIttgP^>CCol:.-C«, ^Stl-^-:^ 

HI CCn^(y/c«^C!? I GBT<fc9 fcW*t|-C*^. 
[0 07 9] */c. HSOC^-Ti^^Oc, N- S-^-X® 

1 1 <bPM3Ui5?^si sicDr^tcN* m^^yyrms 

0«:Sl:rT&S^^CDIGBT«:fe®fflpIS8'C&?>- S 
1 2 0 0 VJ^CDN^^i-^olxSI GBTtCKBe)^. 
fct^\tP9^^^ ;uacr) I G B T tC l^l^CCiSM r ^ 5 
Citd:i>^*t?fc<j:<. */c. 1 200V3S«i1"<Dl G 20 

[0080] 

[SS<DSmi^j:lft?a] 

[01] C (DmM<DmMO—BB(^^^f)^i> . N f - ^ -^V 
SCD I G B TC[)SEBS«^47S"r »rffiHo 
[H2 3IpI(;<. N^i'^.^l'SCD I GBTCC46H:f N 
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I G B T (D««BSBtM0, 
[05] CCD%0^(D^igcZ)S6CCffi<D)BJSCC3!PiJP4.- N 

[06] s^*S{5i-^coppm*.*si?3'rs/c*cc7T^-r. 

[0 7] (5li;< . m^^CDMSt^i^v 'J T^-Y 

[08li^ii;<. -f*>ll©Mlficj:s, fi+i-yT^ 
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